The term â€oe¿ bacterialsensitivityâ€• never has been well defined, nor has a uniform method been established whereby it can be measured. We have attempted to provide a reliable method of study. Gates (1929, 1930) has shown that curves of nearly identical shape are obtained if they are plotted on a semilogarithmic scale. These curves approach straight lines over a considerable extent and are parallel to each other (Fig. 2) . The tendency towards horizontal deviation from steep straight lines is most pronounced for minimal and maximal destruc tion.
It is therefore difficult to determine exactly the energy density at which destruction of bacteria sets in and the one at which destruc tion is complete.
The energy density at which 50 per cent of the bac teria are killed can be determined accurately by interpolation along an approximately straight line between points of lesser and greater de struction.
This figure represents the average resistance of the bacteria towards ultraviolet exposure, since one-half of the bacteria exhibits more, and the other half, less resistance. We define the â€oe¿ average resistanceâ€• of bacteria toward ultraviolet rays as that energy required to destroy 50 per cent of the bacteria in a unit field of 1 square milli meter, the energy being given as ergs. The reciprocal value of this figure represents the â€oe¿ average sensitivityâ€• of the bacteria in terms of the area in square millimeters over which 1 erg must be distributed in order to destroy 50 per cent of the bacteria.
INTENSITY AND TIME
It is therefore important for us to know whether the bacterial sensi tivity depends on the time during which the ultraviolet light was applied. lengths, and since the spectral energy distribution differs strongly for the two sources of light, the energies are not strictly comparable). Dur ing these exposures the intensity and time factors were widely varied. The result, as indicated in Fig. 3 average resistance of the bacteria differs considerably with the incuba tion time; and that about 3 hours in the warmer months and approxi mately 6 hours in the colder months after plating, a minimum of re sistance or a maximum of sensitivity exists (Fig. 5) . The sensitivity varies most pronouncedly in the first few hours and again after 8 hours of incubation, whereas close to the maximum it is relatively constant for a few hours. Stenstrom and Gaida (1931) claim that bacterial re sistance to ultraviolet light grows with increasing incubationary periods prior to exposure. This we find to be true only after the period of maximum sensitivity has been passed. Figure 6 shows another inter esting experiment in which the exposures on the left were made one-half hour after plating, and those on the right were made 6 hours after plat ing. The total energies applied over each exposed area were identical, but three values of exposure times and intensity applications were used. The order of the exposures were such that those opposite to each other on the plate were identical. Thus the equal bacterial destruction on one side of the plate upholds the Bunsen-Roscoe law. However, the finding of increased bactericidal action after 6 hours supports our as sumption that sensitivities change with different incubationary periods,
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and that the Bunsen-Roscoe law will hold only for those periods in which there is no change in the bacterial sensitivity.
To study further the time-sensitivity effect, we endeavored to make our observations during the period of maximal sensitivityand minimal variation of sensitivity. We exposed bacterial plates to ultraviolet light while we used different exposure times and varied the intensity by means $00 90 2
I0
of a rotating sector. Our results showed that when distance, light source, and temperature are kept constant, long exposures to small intensities and short exposures to great intensities yield practically identical results.
Thus we find that within the range of our observa tions, our data supports the Bunsen-Roscoe law rather than the 1 â€"¿ * 1/30 mm. X 12600 ergs/(mm.'min.) 4â€" 4 2â€"+1/5 â€oe¿ X 2100 â€oe¿ 4â€"5 3â€"4 7 â€oe¿ X 60 â€oe¿
Schwartzschild law in its applicability to the bactericidal action of ultra violet light. This, however, holds only for those periods in which there is no change in the bacterial sensitivity. These results conflict with the claims of Liechti (1929) (1907) report that the bactericidal action is hastened by a temperature increase and they further claim that ineffective rays of longer wave length are rendered bactericidal at higher temperatures. Bayne-Jones and Van den Lingen (1923) deny that the rays of a longer wave length are endowed with germicidal properties at higher tempera tures, while Henri and Cernovedeanu (1910) maintain the bactericidal action of ultraviolet light to be independent of temperature.
Some authors have even gone as far as to determine a temperature coefficient for the bacterial response to ultraviolet light. Bayne-Jones and Van den Lingen determined this factor as 1.05. Gates also reports a figure close to 1.0 (about 1.1) . It seems to us of great importance in determining a temperature coefficient to call attention to the following two facts:
1. Our experiments indicate that it is not the temperature during the exposure period, but the temperature of the bacterial environment prior to the exposure that influences the bacterial sensitivity to ultra violet light.
This was shown by experiments in which the plates were kept at a constant room temperature but were irradiated at â€"¿ 5Â°, 21Â°, 52Â°C., and which revealed identical sensitivities. The sensitivity dif ferences became manifest, when the plates were kept at different tern peratures for several hours before exposure, and the exposures made at room temperature.
2. If the experiments are conducted in that way, maximal sensi tivity occurs after 6 to 7 hours at low temperatures; at higher tempera tures the maximum may occur after 2 or 3 hours and may be followed by a fall in sensitivity so that at the sixth or seventh hour the sensi tivity is less than that shown by bacteria maintain'ed at a lower tempera ture (Fig. 5) . It is, therefore, evident that the temperature coefficient may vary at different periods in the experiment and that occasionally the temperature coefficient may be smaller than 1.
GROWTH
Our observations on the effect of temperature upon the sensitivity of bacteria to ultraviolet light lead us to the conclusion that the growth of the cultures, which depends decidedly upon incubation time and temperature, may be one of the prime factors that determine the bac terial sensitivity to ultraviolet light. We devised the following series of experiments in which the number of bacteria in a bacterial culture during definite phases of its growth could be determined, and in which we could ascertain simultaneously the degree of bacterial sensitivity to One plate which was seeded with a higher dilution was used to determine the bacterial population of the culture at the time of exposure. The second plate, with a dilution only high enough to insure easier plate counting and yet low enough to afford uniform bacterial distribution, The ratio of the number of bacteria at a given time to the respective nuniber an hour before that has a greater sensitivity even if organisms with identical rates of growth are compared. Furthermore, B. coli, when studied in three tempera ture ranges, showed that there is a greater sensitivity at higher tem peratures although the exposures were made at times of equal growth rates.
In Fig. 9 , we have separated the sensitivity figures of B. prodigi osus for cultures with populations more and less than ten millions per cc. and have found greater sensitivities at equal growth rates in the denser cultures.
Although the foregoing evidence militates against the assumption that the growth rate is the chief factor in determining the bacterial sensitivity to ultraviolet light, we feel that such may be the true relation ship.
This opinion is based upon the consideration that the observed cultural growth is not in any manner identical with the actual cultural growth.
The observed growth is the actual growth of bacteria minus the number of organisms dying. If, therefore, the death rate is greater at higher temperatures, in denser bacterial cultures, and in cultures of B. prodigiosus as compared to those of Sarcina lutea, the actual growth rate may exceed by far the observed rate of growth and thus @accountfor the @greaterbacterial sensitivity.
We do not believe that the sensitivity growth rate relationship has been as yet fully studied and are carrying on further investigations.
WAVE LENGTH
Another important factor in the consideration of bacterial sensitivity to ultraviolet light is the wave length of the bactericidal part of the spec trum.
While several authors (Ward, 1893; Bie, 1900; Barnard and Mor gan, 1903; Wiesner, 1907; Bazzoni, 1914; Mackie and Von der Lingen, 1926) report bactericidal (and inhibitory) effects of visible and infrared rays, and while some authors (Bang, 1905 ; Bayne Jones, Coblenz and Fulton) observed a mild bactericidal action in the near-ultraviolet (300â€" 400 mp), most authors (Newcomer, 1917; Passow, 1919; Browning and Russ, 1919; Mashinio, 1919; Sonne, 1928 ; Gates, Ehrisman and Noethling) agree as to the predominant or sole bactericidal power of the ultraviolet light of wave lengths shorter than 300 mj.t, and place the maximal bactericidal activity around 265 m@.
To determine the spectral distribution of the bactericidal activity of ultraviolet light, large agar plates were seeded with bacteria (B. pro digiosus, B. coli, Staphylococcus aureus and a.!bus).
These plates were then exposed to the spectrum of the Krornayer lamp as obtained by means of a Hilger quartz spectrograph.
The exposures were made at the time of minimum variation in the resistance of the organisms, which we had ascertained in our preceding experiments. We determined the Portions of the bacterial plate were exposed for different time intervals, and the relative bacterial destruction determined for the various wave lengths and times of exposure.
Since these experiments were con ducted at the time of maximal sensitivity and when minimal sensitivity changes occurred, the Bunsen-Roscoe law was used for our calculations. By comparing the spectral lines on the bacterial plates, the bactericidal effect of a line of a certain wave length could be matched with that of another wave length when obtained at a shorter or longer exposure time. Considering also the energy distribution throughout the spectrum, we were able to determine the bacterial sensitivity over the ultraviolet spec trum between the wave lengths of approximately 240 and 400 m@t. These results represent relative figures, since the absolute energy densi ties of the individual spectral lines could not be measured and the point of 50 per cent destruction could not be exactly determined. Figure 10 Fic. 10. Spectral sensitivity distribution (arbitrary figures) for demonstrates graphically the results, in which the maximal relative sensitivity is called arbitrarily 100. The bacterial sensitivity starts be tween 313 and 302 m@i,reaches its maximum at about 260, and declines WAve length inm,,a.
B. prodigiosus â€¢¿ B. coIl 5â€"â€"â€". towards 240 m@, where the spectrum becomes too weak for exact in vestigations.
Our results disagree with all those authors who maintain that the bactericidal powers of the ultraviolet increase with the decreas ing wave length, but they agree with the findings of Gates, and Ehris mann and Noethling in that the bactericidal power decreases after a peak between 254â€"280m@, to a level about 240 m@. Our findings also sustain those of Gates, and Ehnismann and Noethling in that we have not found certain wave lengths to be specific for certain organisms, but we have found that with minor variations, the spectral distribution of the bactericidal action seemed to be the same for the various organisms.
PROBLEM OF ULTRAVIOLET â€oe¿ STIMULATIONâ€•
Exposures of agar plates inoculated with bacteria to ultraviolet light were observed by several authors to show an increased growth of the bacterial colonies at the border of the exposed areas.
This they at tributed to stimulation caused by the scattered ultraviolet light of weak intensity.
We use the term â€oe¿ stimulationâ€• merely because it was uti Gates as observing this effect and as explaining it on the same basis. Coblentz and Fulton claim the stimulation of bacteria to be due either to the exposure to ultraviolet or to a larger amount of nourishment available to the cultures near the border of the exposed fields. They promised future experiments on this problem but never reported them.
Gates suggests that the effects may be explained @y the greater preva lence of nutritive material and more rapid disposal of toxic products of observations and assumed Gates' explanation to be the most plausible one and have conducted a few experiments which definitely ruled out direct stimulation of bacteria by ultraviolet light. Agar plates inocu lated with bacteria that were exposed to sublethal doses of ultraviolet light never showed an increased growth, whereas plates exposed to visible light were inhibited for a while but later grew at a normal rate but never above normal limits. We then prepared agar plates with a definite borderline between the plated and non-plated areas in such a manner as to avoid marginal accumulation. We sprayed bacteria (B. prodigiosus) on the plate with two square portions of the plate pro tected against the spray. About these areas we find the increased mar gmat growth just as well demonstrated as about the round area sterilized by ultraviolet light (Fig. 11) . We then stamped bacteria on a plate by cutting out a â€˜¿ portionof an inoculated agar plate and holding it against a sterile plate (Fig. 12, A) . At the margin of the bacterial area that had been stamped on, we again found an incresed growth ; nor was any increased growth seen on the margin of the stamp, a portion of which is seen in Fig. 12 , B. This is explainable on the basis that in these latter two instances there were no media from which extra nu tritive material could be obtained and towards which toxic products of metabolism could be dissipated.
From these experiments we come to the conclusion that wherever room is available for diffusion of nutri tional material and toxic products, increased growth occurs ; and where the field is limited to the culture, no increased growth will occur. There fore, the phenomenon is not characteristic for exposures to ultraviolet light and hence is not the result of stimulation of the bacteria by the ultraviolet rays. 2. The Bunsen-Roscoe law rather than the Schwartzschild law is applicable to the bactericidal action of ultraviolet light, but is true only for these periods in which there is no change in the bacterial sensitivity.
3. The average sensitivity is influenced by the temperature at which the exposures are made. The temperature coefficient depends upon so many variables that it cannot be represented by a single value.
4. The average sensitivity varies with the incubation time; the rate of bacterial growth apparently being the most important factor in caus ing the variation. and decreases towards 240 m@. The spectral distribution is not specific for any one of the organisms studied.
6. Stimulation of growth was not observed to result from the action of ultraviolet light on bacteria.
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